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TITLE 

A SPORTING EQUIP MENT PROVIDED WITH A MOTION DETECTING 
5 ARRANGEMENT 



TECHNICAL FIELD OF THE INVENTION 

The present invention relates to sporting equipment provided with en arrangement 
for detecting, traddn^t and analysing motion parameters of said equipment. 

10 

EiACKGROUND OF THi: INVENTION 



A general Inertial Nav.gatlon System (INS) consists of both hardware and software. 
The hardware is a wel:*defined collection of sensors that detect all possible 

IS accelerations and rotational velocities, in all relevant room coordinates. Usually, the 
sensors are accelerometers and gyroscopes. The task of the software Is to compute 
the movement-param inters, like the position and orientation, of the hardware while 
carefully keeping trad-: of coordinate transformations during the motion. It Is this 
coordinate transfbrma*:ion property that differs an INS from a sensor system that 

20 only integrates accelerometer and gyro signals. 

The basic movement-p:»arameters are the velodty, position, angular acceleration 
and orientation in a spedflc coordinate system. To be useful this coordinate system 
must be fixed with r^ssect to the earth, for reasons found obvious after studying 

25 the example in a later section. For a golf club, with the INS mounted to the buct of 
the shaft, the butt of t ie shaft Is then tracked with respect to, for example, the 
ball. It Is also straight forward to track any other part of the club, through a pure 
mathematical translatj dn, as long as the response of the club material between the 
mounting point and th»3 tracking point is known. If the club is assumed a rigid body 

30 then any part of the dub can easily be tracked. Furthermore, the movement- 
parameters must be r€!SOlved in the three room coordinates and also resolved in 
time. The basic movenient* parameters can now easily be recomputed to any other 
interesting parameten: such as the hand speed, various angles and speeds with 
respect to the swing plane, or anything that mathematical combination or 

35 translation will allow fr om the basic movement-parameters and the originally 
measured parameters. 
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One of the objects of :he present invention is to provide an arrangeinent 
comprising said INS for sports, leisure, toy or the like. Most especially, the present 
Invention relates to an arrangement for sporting devices such as golf clubs but 
other arrangements such as tennis rackets, hockey sticks, baseball bats etc may 
S also use the teaching:.; of the invention. Consequently, an all in quantifying and 
storing of a movement is possible by computing results and variables, movement- 
parameters, from the INS sensors. Accordingly, It is possible to use the variables in 
real-time applications or store the variables for later analyses. 



10 It Is useful to consider a simplified system to obtain an intuitive feeling for what an 
INS does with raw sensor signals and hence the difference between a collection of 
sensors and an INS. A simplified system can consist of, for example a ship that 
starts moving, sails st -eight, makes a U-turn, and comes tiack on a path parallel to 
the original straight a:>urse. While doing all this, even through the U-tum, the ship 

IS accelerates with a constant acceleration. 



An accelerometer rigidly mounted to the ship, in the direction of travel, wilt produce 
a signal looking like a straight horizontel line. Integrated once, this signal will yield 
the velocity. By tntegniting the signal again, the position of the accelerometer is 
20 obteined. It Is impossli3le to see any turning of the boat from this position trace. In 
fbct, nothing but a constantly accelerating motion can be deduced from any of 
these traces. If the boat would have omitted the U-tum and kept sailing absolutely 
straight forward, with ;he same acceleration as In the first case, all the curves 
would have appeared dentical to the original case. 



25 



30 



However, the result is not an error; the accelerometer shows a signal relevant to Its 
own co-ordinate fram€. The u-tum Js only relevant for an observer that can relate 
the boat to an outside ot^ect that does not turn, like the water or a ^oreline. The 
accelerometer is simply not '^smart'' enough to know that it has turned. 



The accelerometer mounted to the deck, measures acceleration in the sensor 
system. The trick is thiiin to convert this measurement to e fixed system outside the 
boat, the navigation sy stem. Unless this conversion is done properly, the answer 
expressed in the navig:)tlon system, which is the usefUl system to an obseiver, will 
35 be wrong. 



PROG NR 830 27.09. '02 17:03 IDtSTRoM & GULLIKlfeON IP flB FfiX: 46317730640 SIDA 6 

4631779^40 

in'K. t. Patent- och reg-veite 
'r fv) -09-2 7 

The remedy is to aquio the boat with additional sensors. In this case only one more 
accelerometer Caccele pometer y) and perhaps one gyroscope need be added. The 
boat can never sail in the z-directlon (up-down) and It can only turn around the z- 
axis (on the water surface). By further adding INS software and hence completing 
5 the INS, the INS can keep track of turns and therefore correctly transform sensor 
signals from the boat 30-ordinate system to a global co-ordinate system that views 
the boat relative to th-3 water or land, the navigation system. Of course, also the 
velocities in the x and y«directions are readily available. 



10 This simplified system does not consider any wave action, however. When a wave 
hits the boat the entlnd INS will perhaps move up and down. A movement strictly in 
the z-direction will no : affect the INS because it Is Irrelevant if the boat travels 
exactly on the water surface or one meter above it, as long as all the original 
manoeuvring stays the same. If the boat rocks sideways, however, then the INS 

15 will tilt with respect tc the water surface or at least with respect to the coastline. 
The X-axis accelerome ter, for example, will then point in a new and unknown 
direction with respect to the coastline. Hence, the INS will be unable to correctly 
compute Its position and orientation with respect to land. The best way to get 
around this problem Is: to add two more gyroscopes and one more accelerometer to 

20 the system. Now, the i)oat cans rock and roll and In principle all the movement- 
parameters will t>e ""accurately* measured. 

The INS is usually used In alrcrafts* Prior art discloses in, for example: 
According to US 6,285.954 strap down inertial navigation systems are frequently 
25 used in missiles and a rcraft. Physically isolated and stabilized apparatus, such as a 
gimbailed platform th&t Is physically angularty stabilized relative to the local vertical 
dlreaion, require preose and mechanically complex angle positioning apparatus, 
and are being systematically replaced by systems of the strap down type. 

30 A state-of-the-art strap down Inertial navigation system has three rotation sensors 
or gyros and three acoilerometers rigidly attached to a supporting vehicle. The 
rotation sensors are esich positioned and oriented to sense angular displacement 
about one of three def.ned orthogonal axes attached to the vehicle body and known 
as the body coordinate system. The accelerometers are each positioned and 

35 oriented in a fixed direitlon relative to the vehicle, to sense velocity changes 

(incremental velocities i along three different orthogonal axes in the body system. 
In a strap down system, the accelerometer axes are not angularty stabilized. 
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Hence, all Inertial senisors output a raw signal meaningful in the body coordinate 
system. 



Because generally the accelerometers are constantly changing direction relative to 
5 gravity^ navigation ve ocities cannot be computed by directly integrating the 

accelerometer signals. Instead, a stable computational frame or analytic navigation 
coordinate system is continually computed. The output signals from the rotation 
sensors are used by an attitude integration apparatus to calculate the directions of 
local vertical, together with two other axes orthogonal to the local vertical direction, 

10 

Sensed angle changes and accelerations (incremental velocities) are continually 
rotated through the calculated angles from the vehicle body axes to the calculated 
navigation axes« Angle signals from the rotation sensors are used to update the 
compum^stored angular position and incremental velocity data for both the angle 
15 sensors and accaieron eters relative to the navigation coordinate system. 

The rotation sensors a id accelerometers have fixed relative directions in the body 
coordinate system. An angular transfbrmation matrix of direction cosines is 
computed in an attituce Integration apparatus. The accelerometer signals, which 
20 are incremental chang es in velocity, in the strap down body coordinate system are 
converted in a coordinate transformation computer from that system Into 
corresponding signals n the stabilized navigation coordinate system. 

After transformation Into the navigation coordinate system, the incremental velocity 
25 signals are integrated or summed to form updated velocity signals. The rotation 
sensor and accelerometer signals are sampled, and the sampled signals are 
delivered to a computer which is programmed to accept the signals and to calculate 
both velocities along the three axes in the stabilized navigation coordinate system 
and attitude angles relative to this system. 

30 

In US 4,303,978, a piLraiity of Inertial measuring unit (IMU) modules each 
comprising gyros and siiccelerometers for sensing inertial Information along two 
orthogonal axes, are s1:rap down mounted in an aircraft, preferably such that the 
sense axes of the IMUs; are skewed with respect to one another. Inertial and 
35 temperature signals pnxluced by the IMU modules, plus pressure signals produced 
by a plurality of pressure transducer modules and air temperature signals produced 
by total air temperatuns sensors are applied to redundant signal processors. The 



* 
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5 

signal processors convert the raw analogue information signals into digital form, 
error compensate the Incoming raw digital data and« then, manipulate the 
compensated digital data to produce signals suitable for use by the automatic flight 
control, pilot display find navigation systems of the aircraft. The signal processors 
5 include: an interfece fiystem comprising a gyro subsystem, an accekerometer and 
air calibration data subsystem and an air data and temperature subsystem: a 
computer; an instruction decoder; and, a clock. During computer Interrupt intervals 
raw digital data is fed to the computer by the interface subsystems under the 
control of the instruct on decoder. The computer includes a central processing unit 

10 that compensates raw digital gyro and aocelerometer data to eliminate bias, scale 
factor, dynamic and ti;:mperature errors, as necessary. The central processing unit 
also modifies the gyre and acceterometer data to compensate for relative 
misalignment betweer the sense axes of the gyros and acoelerometers and for the 
skewed orientation of these sense axes relative to the yaw, roll and pitch axes of 

15 the aircraft. Further, £ ccelerometer data is transformed from body coordinate form 
to navigational ooordinate form and the result used to determine the velocity and 
position of the aircraft. Rnally, the central processing unit develops initializing 
alignment signals and develops altitude, speed and corrected temperature and 
pressure signals. 

20 

WO 00/69528 relates lo an instrumented golf dub system having an instrumented 
golf club, an interface means and a computing means is disclosed herein. The 
instrumented golf club includes a plurality of sensors, an internal power supply, an 
angular rate sensor and an Internal ring buffer memory for capturing data relating 
25 to a golf swing i The iniierface means is capable of transferring data from the 
instrumented golf dub to the computing means for processing the data and 
presenting the data In a useftjl and informative fbrmat. The data may be used to 
assist a golfer's swing, or to design an appropriate golf club for a spedfic type of 
golfer. 



» ■ * 



30 



35 



However, although the Invention points out a need for high precision and Indudes a 
rate sensor^ the initial system orientation wrth respect to gravity is never 
considered. This collecilon of sensors falls all of the three points for a successful 
Zf^S, particularly for an INS useful for golf. 

wo 02/38184 is directisd to systems and methods for analyzing the motion of 
sporting equipment, such as a golf dub, a baseball bat, a hockey stick, a football or 
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a tennis racquet^ for iixample. The systems comprises a motion sensing system in 
communications with the sporting equipment to measure motion parameters, 
wherein the motion s^i^nsing system has at least one accelerometer or at least one 
gyroscope, and a corrmand station having a data acquisition system to process the 
5 measured motion paraimeters and produce data. The motion sensing system may 
be rocated on the spo-ting equipment or, optionally, within the sporting equipment. 
The systems and metl lods described herein can be used to determine the impact 
location of the sporting equipment with another object, the force of the sporting 
equipment, the velocity of the sporting equipment and/or angular orientation of the 
10 sporting equipment diiring a motion. 

This invention produoits no claim that in practice can produce the sought after 
movement-parameter.;. The poorly described collection of sensors again fails for a 
successful INS/ partici.ilarly for golf. 

15 

SUMMARY OF THE INVENTION 

One of the objects of t he present invention is to provide an arrangement 
comprising INS, rate s ensors, inclinometers and temperature sensors for sports, 
20 leisure, toy or the like. Most especially, the present invention relates to an 

arrangement for sporting equipment such as goif dubs but other arrangements 
such as tennis roclcets, hocicey sticks, etc may also employ the teachings of the 
invention. 

25 Thus, the object of thc! invention is to use motion parameters to provide better 
practicing, playing and competition ability. Preferably, the information received 
from the sensors dissolved in three room-coordinates and even in time. 
Consequently, an ""all ifi one" quantifying and storing of a movement Is possible by 
computing results and variables finom the sensors. Accordingly, it is possible to use 
30 variables in real-time iipplications or later analyses. 

The Invention has many advantageous, for example: 

The quantifying for repetitively learning a motion pattern or a motion 
(when sporting) can bif used to expose errors and shortages in motion and store a 
35 motion pattern or vari<:bles, comparing motton pattern and variables with stored 
data, to compare the data with results or performances (something accomplished). 



* w w 
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Using the st:ored data can help developing better tools and equipments 
for with respect to the n^ovement pattern of the user. 

Using the arrangemert of the Invention for example in a golf dub, allows: 
5 • When the teacher Is satisfied with a pupils swing, the motion pattern can be 

stored. Then, the pupil can at anytime train the swings and compare It with 
the stored daCi^. Errors and defects become the obvious. 

• The pupil and i:he teacher can compare the results of the swings, for 
example hooks; or slices, with the quantifted movements and or conduslons 

10 with It conclusions quantify the gesture and pull development A classical 

icind of feedbaclc. 

• The player obtains feedback directly in the quantified motion about various 
news in the sw ng or the equipment. These news can be a different range 
between the lei) and the boll a different power In the swlng^ angle of the 

15 wrist before th>:! forward motion, a new grip of the handle, a new club, 

different shows: or different ground. 

• The feedback csn be obtained after follow-up analyses or also through a 
signal before, curing or after the motion. These signals can be triggered by 
differences in c imputed parameters In the stored motion and actual motion. 

20 This can be used to practice driving position, part of movement or body 

orientation during the swing. 

• A user can oonrpare his swing with an expert swing. 

• Characteristics of a swing can be translated to quantified parameters, thus 
allowing other Judgment possibilities. 

25 

Another object of the i wention Is to compensate for the ambient temperature of 
the equipment using ti'ie arrangement of the Invention. 

m m 

^ » M 

Therefore in the Initial y mentioned sporting equipment, an arrangement for 
30 detecting movement-parameters of said equipment is provided. The arrangement 
comprises an Inertlal Navigation System (INS). The arrangement ftjrther comprises 
a number of sensors for measuring a three-dimensional acceleration, a three- 
dimensional angular v<!sloclty and effect of attraction of gravity on said equipment. 



35 



BRIEF OESCIUPTION QF THE DRAWINGS 

In the following, the invention will be further described In a non-limiung way under 
reference to the accorrpanying drawings In which: 
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10 



Fig. 1. Is a block diagram representing the minimum sensor sec up In a general 

INS. 

Rg. 2, Is a block Jlagram qf a generic INS filter, with lower level corrections 
Included. 

Rg. 3. represent*; in schematic way, the grip or a golf club with an attached 
sensor module. 

Fig. 4. represents: in schematic way, a golf club with attached sensor modules 
according to the invention. 



DETAILED DESCRIPTION OF THE EMBODIMENT 

As mentioned above, i;here Is an enormous ditference between a collection of 
sensors and an INS. Mot any collection of sensors can be ''upgraded'' to a useful 
INS, particularly for porting equipments and especiatly golf where the above 
15 specifications make ths problem extremely hard. In general there are three points 
to obtain a successful (nertial Navigation System, for achieving the objects of the 
present invention: 

1. A sufficient ntmber of Inertial sensors must be present to measure and 
account for all relevant accelerations and rotations of the system. In this 

20 case three-dirnensionai accelerations and angular velocities. This enables 

the correct triinsformatlon of coordinates from the sensor system to the 
fixed navigatian system, while continuously computing the movement- 
parameters. 

2. All sensors must measure their respective acceleration or rotation 

25 sufficiently dc^se to the truth, not to render the subsequent computations 

and transform atlons useless. This normally means that a host of unwanted 
effects in the . ew sensor signals first must be Identified, and compensated 
for, before th€! information can be further processed. The unwanted effects 
must Include i\ffeas due to temperature. Normally, imperfbcUons of the 

30 sensors them$elves, like non-linearities, pooriy known direction of 

sensitivity and electric drifts, must be acoountiKl for. Furthermore, 
imperfections n the sensor system assembly, such as Imperfect mounting, 
will give rise t:> pooriy known directions of sensitivity and sensor positions 
and perhaps ta an imperf^ transmission of forces through the assembly. 

35 Finally, it Is imperative to know the location of the sensors as well as 

possible to be able to include the effects of angular accelerations and 
CorloJis forces that always occur in distributed sensor systems. 
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3. All sensors must be Initialized properly prior to actual measurement and 
tracking of movement parameters. This initialization serves to remove as 
much as poss:ible of the unwanted but ever-present offset. Assuming an 
absolutely sti i INS prior to measurement, the gyro offiset is partly due to 
electrical offsi^t and partly to the Earth's rotation. In the application for 
golf, the Earth's rotation can be ignored and hence this offset level can 
simply be suttracted during the later tracking. The ofbet of the 
accelerometer, however, is partly due to electrical offset and partly to the 
Earth's gravitation. The gravitation is large and can ainrast never be 
ignored, particularly not for golf. To separate the two offisets^ the 
orientation of the INS versus the diraction of gravity, prior to tracklngr 
must be knov>n or the accelerometer must have a suffidentty predictable 
electrical off^«t. A predictable electric offset can be compensated for and 
removed and hence the direction of gravity can be computed and 
compensated for. In practice, the accelerometers that are suitable for 
precise medsuirements of a fast changing acceleration seldom have a 
predictable elisctric ofltet fbr long periods of time. In the application for 
golf the electr ical offeet must be predictable over time periods of minutes, 
if not for hour*. The solution Is often to incorporate a third type of sensor 
called an Indtiiometer. The Inclinometer has a very predictable offiset over 
longer periods of time so it can measure the orientation of the INS versus 
the g-vector prior to tracking. The inclinometers generally rely on extreme 
low-pass filtering and a narrow acceleration range to perform well. Hence, 
they are usually less suitoble for later tracking. Another way to overcome 
the offset problem is to fix the INS in a well-defined orientation, with 
respect to gravity, shortly prior to tracking. 

The block diagram of Fig. l represents the minimum sensor set up lO in a general 
INS. It comprises at |e;3st one accelerometer input 11, temperature sensor input 12 
and gyroscope input IX The accelerometers and gyroscopes form the analogue 
time dependent sensor inputs to an INS. The actual sensors are generally filtered In 
low-pass filters I4a*l< c, amplified in amplifiers iSa-lSc and digitized in analogue 
to digital converters Nifore they form inputs to an INS filter. Furthermore, the 
signals are perhaps stc:red in a memory (not shown). 

Fig* 2 illustrates the bl:>ck diagram of a generic INS filter 20, with lower level 
corrections induded. The filter, e.g. build as an extended Kalman filter, comprises a 
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10 

sensor model 21, a measurement noise model 22, a processor for dynamics 21 and 
a processor for noise model 24. The time dependent sensor signals arrive dlrecHy 
nrom the hardware pert of the INS, as illustrated In Fig. I. The calibration data are 
typically offsets, scale fectors and the directions of sensitivity of the physical 
5 sensors. The estimate d output parameters, represented by a vector matrix 25, are 
the orientations, angular velocities, angular accelerations, positions, velocities, and 
accelerations respectr>/ely. These variables represent the time dependent results 
firom the INS. It is obvious that the Kalman filter is given as an example and other 
filter types can be us€!d to achieve same results. 

10 

One feature of the lUiu of the Invention Is Its ability to convert measured quantities 
between different coo dinate systems. 

In case of a golf dub, in principle there are three types of coordinate systems that 
15 need to be covered In this context: the navigation system, i.e* the centre of the golf 
ball, the dub system, I.e. the head or grip, and a representative sensor system* 
The sensor coordinate system defines the axis of sensitivity and the location of a 
given sensor, thus there Is one sensor system for each sensor used in the model. 

20 Fig. 3 represents the <;rip 30 of a golf dub 31 with an attached sensor module 32. 
The sensor module. In this case shaped as a ball, can obviously be locaMI in other 
places on a club, e.g. inside the grip, inside the handle or the dub head. Several 
modules can also be p-ovlded simultaneously. The three typical coordinate systems 
are displayed. 

2S 

As depicted In Fig. 3, the coordinate systems mentioned above are hereafter 
referred to as: OhKYZ (the navigation system), a Ocsficyz (the dub system) and 
Qt/tiY^i (the sensor sy^-iem). In ng. 3, the club frame is represented by the grip 
coordinate system, CSi, but in prindple could also represent the head system, 
30 CS2. The sensors are enumerated by the Index / and are rigidly fixed dose to the 
handle In an attached ^iensor module. 

However, one Is not interested In the results that are expressed In the sensor 
system but only interer>ted In what happens or has happened in the navigation 
35 system, i.e. where the club and what the angle of the club head are, with respect to 
the ball. This is a transformation from the sensor system to a fixed system, e.g.. 
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with respect to the boll, flag or any other fixed object In the environment of the 
player. 



An advantages appliantion for INS according to the present invention is 
S Implementation In a g olf club, thus allowing analyze of a golf swing. The main 

reason ts that the moiilon has a short duration. Is well defined. Is easily repeated on 
command, and occurs within relative narrow tolerances of motion. 

The short duration is important because the Interesting coordinates, position and 
10 angle, are computed through a series of integrations. 



• + 



15 



The ever-present nolsit then propagates an error in position that grows as the time 
squared. Furthermore., any other sensor error, such as various offsets and sensor 
Imperfections, contribute to the same errors. 

Long-term tracking is :he very difficult problem in INS and is normally solved by 
periodic coordinate updates from other measurement sources. 

A golf swing always teigins with the aiming at the ball, Just t>efore the back motion 
20 begins. There is alway:; a downward motion in the direction of the ball as well as a 
hit. The motion always; finishes with a smooth follow-through. The motion is always 
smooth because the h<jman body is bad at generating fast discontinuities once in 
motion. All these featitres, and several more, make it simpler to select time periods 
in which the sensor can be Initialized, i.e. when offsets can be cancelled and initial 
2S positions and orientations can be established. 

The trimming of the er tire INS Is immensely simplified by the repletion factor In 
golf. One can basically keep repeating an almost Mentical nration until the many 
parts of the INS are optimized. 

30 

The relatively good knowledge of what the swing will look like, before the actual 
swing occurs, provides the Kalman filter with powerfiil information that increases 
the precision of the finssl result. A golf swing is much easier to treck than a perfectly 
random motion. In addition, the sensor ranges, bias points and orientations can be 
35 carefully trimmed to 0|.itimize their golf-performance. This, of course, precludes 
measuring a different motion with the same system. 
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The hardware part 10 of the INS Is mounted on or most preferably Inside the golf 
dub 11 shaft 12 or ln:::ide the handle 13 or the dub head 14, as illustrated in Fig. 4. 
Thus the sensors can ob distributed within the golf dub (or other sporting 
equipment). The entfra device is then calibrated on an accurate rate table and, if 
S necessary, on a 5hak€:r table or linear acceleration stage according to IEEE 
(Institute of Electrical and Electronics Engineers) standarcis. 
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A computer unit 14, nisslding nearby (or integrated Inside the dub, not shown), 
holds much of the signal processing power and substantial part of the INS software 

10 algorithms (Kalman filter) and communicates with the hardware, either remotely or 
by electric connection.. The computer unit can be a conventional PC, laptop, 
handheld computer or any other type, comprising processing unit, memory, I/O 
unit, and storing unit idr receiving and processing data from the INS. In case the 
sensors are distributed within the golf dub, the Information is processed centrally in 

IS the computer. A memory unit can be arranged in the dub to store data in the dub 
and send it to the computer In a later stage. 

In the case of golf app licatlon the data can simulate a golfer the computer can be 
used to quantify for redetitively teaming a motion pattern or a motion (when 

20 sporting) can be used to expose errors and shortages in motion and store a motion 
pattern or variables, c:imparlng motion pattem and variables with stored data, to 
compare the data with results or performances (something accomplished). Using 
the stored data can he Ip developing better tools and equipments for with respect to 
the movement pattem of the user. When a teacher Is satisfied with a pupils swing, 

25 the motion pattem car be stored. Then, the pupil can at anytime train the swings 
and compare It with ttie stored data. Errors and defects become the obvious. The 
pupil and the teacher <:an compare the results of the swings, (or example hooics or 
slices, with the quantified movements and or condusions with it condusions 
quantify the gesture and pull development. The player can obtain feedback directly 

30 In the quantified moticn about various news in the swing or the equipment. These 
news can be a dlffereni: range between the leg and the boll, a dlfPerent power In the 
swing, angle of the wrist before the forward motion, a new grip of the handle, a 
new dub, different shCMS or dlfTerent ground. The fecKlbadc can be obtained after 
follow-up analyses or h\so through a signal before, during or after the motion. 

35 These signals can be triggered by differences in computed parameters In the stored 
motion and actual motion. This can be used to practice driving position, part of 
movement or tsody orientation during the swing. A user can compare his swing with 



PROG KR 830 27.09. '02 17:06 ID:STRbn & GUlJLlK<i5CN IP fiB i=fiX:46317790640 SlDft 16/ 29 

46317790640 

Ink. t Patent- ocfi reg.verket 
2002 -09- 2 7 

X3 

HuYudFcxon Kossan 

an expert swing. Characteristics of a swing can be translated to quantifled 
parameters, thus allowing other judgment possibilities. 

Prior to swing the INS. is initialized fbr a few seconds by holding the dub absolutely 
5 still in a well-defined |X>sltlon. The offsets of the gyros are here simply removed by 
keeping them still, as the effect of Earth's rotation (gravity force) is negligible. The 
offsets of the acoelercmeters are removed by comparison to the Icnown effect of 
gravity on each sensor. A number of inclinometers or low-g accelerometers, 
especially suitable to resolve effects of gravity, In the INS may aid in this 
10 initialization. 



Immediately prior to <:i swing, the player normally alms at the ball in the direction of 
the flag fbr a few seconds, which is a way for the sensors to define the direction 
toward the flag. Now, the bacic swing starts and all the sensors are continuously 
15 active and measuring accelerations and rotational velocities. In addition, auxiliary 
data such as temperature is also measured. The data collection unit discriticizes the 
data, performs rudim<: ntary signal processing, and finally stores the data in an 
internal memory. Dire ctly afcer the completed swing, ail stored data is cransferred 
to the computer. 

20 

The digital signal processing Is perfected In the computer, several sensor software 
compensations are peiformed, and suitable transformations of coordinate frame are 
performed. Finally, the data ftam all the sensors is filtered together in the main INS 
algorithm, the Kaiman filter. Golf specific Information, such as maximum velocity at 

25 a point or other restrictions Icnown from the study of many golf swings, may also 
enter the filter at this time. Furthermore, data from external sensors, like magnetic 
coils near the bail or r»dar speeds, may also provide the filter with usefUl 
information. This filter then returns computed values for velocity, position, angular 
acceleration, and anghi in the navigation frame. All these values are discrete, for 

30 each time step, and are available in the three space coordinates, both for the 
accelerometers and for the gyroscopes. All is stored on the computer and can 
conveniently be grapbsd on demand. 

This Information In the computer can now be called a complete record of one golf 
35 swing. This record is unique and depends on the player and ambient conditions 
such as equipment, th>^ course, and the weather. 
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The Information from the INS, just like from any other measuring equipment, will 
always contain an error. The precision and accuracy of the INS will ultimately set a 
limit to the measured and computed results. 



5 By keeping all of the <iimblent conditions constant a player can study his golf swing 
by comparison of the «dxhaustive records firom several swings. This study may 
Indicate inconsistendtis in the swing or deviations compared to swings where a 
coach has provided hi. man quality information. 

10 By keeping the swing as constant as possible, such as profiesslonal players are 

skilled in doing, various ambient conditions can be studied through comparison of 
records* The club or the golf shoes may have changed. Only the imagination sets 
the limit as to how thii: INS can improve perfDrmanoe. 



• » « 



15 In a preferred embodiment, when tracking at the end of the shaft, the position 
should be known to within 10 mm, preferably S mm throughout the entire swing. 
All angles at the end of the swing should be known to within 2% preferably 0.5-1''. 
The linear and angular velocity of the dub should be known to within 2%, 
preferably 1% of its nriaximum values. The system sample rate must exceed 120 

20 samples/sec., preferably 250 samples/second to resolve the interesting final part of 
the nu>tion. When tracking at the dub head the position should be known to within 
10 mm^ preferably 2*^ mm to usedilly resolve the impact of the ball. The loft/Jie 
angle should be resolved to within ±l^ preferably ^O.S''. The open/dose angle 
should be resoKred to ivithin ±0.5% preferably ±0.1 The angular rates should be 

25 known to within 2%« p^referably 1% of their maximum values. The linear velocity 
should be known to wi :hln Imph, preferably 0.5 mph. 

Even though a golf dub is exemplified herein. It is obvious that the arrangement 
and method of the invi^ndon can be implemented in other sporting equipments such 
30 as ice-hockey stick, baseball bat, tennls/badminton/table tennis rackets, etc., or 
any other equipment in which a motion analyses Is needed. 

The invention is not limited the shown embodiments but can be varied in a number 
of ways without departing from the scope of the appended dalms and the 
35 arrangement and the method can be implemented in various ways depending on 
application, functional jnits, needs and requirements etc. 
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1. In a sporting equipment comprising, an arrangement fbr detecting 
moveiT>ent*piiirameters, comprising acceleration and angular velocity of 
said equipme nt^ said arrangement comprising an Inertfal Navigation 
System (INS], comprising a number of sensors for measuring a three- 
dimensional «tcoeleration, a three-dimensional angular velocity and effect of 
attraction of tiravicy on said sporting equipment. 

2. The arrangement of daim 1, wherein said arrangement communicates with 
a computer unit (15) for receiving and storing relevant data. 

3. The arrangement of claim wherein said arrangement communicates with 
a computer u -lit (15) for compensating for said effect of attraction of 
gravity. 

4. The arrangement of daim 2, wherein said data quantifies a movement by 
computing re<tiults and variables from said sensors, 

5. The arrangenr ent of claim 1, wherein a minimum sensor set up comprises 
at least one aixelerometer (11), temperature sensor (12)^ gyroscope (13), 
amplifiers and filters. 

6. The arrangement of daim 5, wherein said accelerometer and gyroscope 
form a time d>:!pendent sensor Inputs to said INS. 

7. The arrangement of daim 1, wherein signals from sensors are generally 
filtered in filters (14a- 14c) and amplified In amplifiers (I5a-l5c) before 
they form inputs to an INS filter. 

8. The arrangemi^nt of claim 7, wherein at least one of said filters is an 
extended iCatman filter, comprising a sensor model (21), a measurement 
noise model (;..2), a processor for dynamics (21) and a processor for noise 
model (24). 

* V V 

• * 
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9. The arrangement of daim 8, wherein calibration data are used being 
ofltets, scale factors and the directions of sensitivity of physical sensors. 



10. The arrangement of daim 9, wherein estimated output parameters, 
represented ly a vector matrix (2S), are the orientations, angular 
velocities, aniiular accelerations, positions, velocities, and accelerations 
respectively, which variables represent the time dependent results from the 
INS. 

11. The arrangen ient according to any of preceeding daims, wherein said 
equipment is a golf dub. 

12. The arrangeit'.ent of daim IX, wherein three coordinate systems are used a 
navigation sy^em ( 0,iiXYZ ), a dub system ( Oc^pcyz ) and a sensor 
system ( OgiX^iZi ). 

13. The arrangen ent of daim 11, wherein said navigation system defines a 
position of th is dub an angle of the dub head with respect to a ball. 

14. The arrangement of daim 11, wherein said sensor is arranged In at least 
one of a handle, shaft or head of said golf dub. 

15. The arrangement of claim 2 or 3, wherein said computer unit provides for 
at least one o*^; 

computing and storing movement data about said equipment 
comparison between new and stored movement data, 

16. A system for detecting and analysing amotion data comprising acceleration 
and angular velocity, the system comprising: 

a sportinm equipment, which comprises an arrangement for detecting 
movement-perameters of said equipment, said arrangement comprising: 

an XnertiisI Navigation System (INS), comprising a number of sensors 
for measuring a three-dimensional acceleration, a three-dimensional 
angular velodCy and effect of attraction of gravity on said equipment, 

a computer unit communicating with said arrangement and comprising 
processor for processing data received from said arrangement and 
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oompensatinfj for said effect of attraction of gravity on said equipment. 

17. The system of claim 16, wherein said computer unit comprises audio and 
video output arrangement for communication with a user of said sporting 
equipment. 

18. The system ot' daim 16, whensin said computer unit comprises storing 
means for storing means for storing data from said arrangement and 
providing sale: data for education or training of said user. 

19. The system of dalm 16, wherein said sporting equipment is one of a golf 
dub, ice-hoct( ey stick, baseball bat or tennis/badminton/table tennis 
rackets. 

20. The system according to any of claims 17-19, wherein said sensor system 
has a spedfic ooordlnate system, which is transformed to a fixed 
coordiruite sy::tem with respect to a fixed point In an environment of said 
equipment. 

21. A golf club comprising an arrangement for detecting movement*parameters 
of said golf dub, said airangement comprising an Inertial Navigation 
System (INS), wherein said arrangement further comprises a number of 
sensors for mirtasuring a three-dimensional acceleration, a three- 
dimensional a igular velodty and effect of attraction of gravity on said golf 
club. 

22. The golf dub i:»f dalm 21, wherein said arrangement communicates with a 
computer unit for receiving and storing relevant data. 

23. The golf dub of claim 21, wherein said arrangement communicates with a 
computer unit for compensating for said effect of attraction of gravity. 

24. The golf club cf daim 22, wherein said data quantifies a movement by 
computing results and variables from said sensors. 

25. The golf club cif daim 21, wherein a minimum sensor sec up comprises at 
least one aocelerometer, temperature sensor, gyroscope, amplifiers and 
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filters. 



26. The golf dub of daim 25, wherein said aocelerometer and gyroscope form 
a time depemient sensor inputs to said INS. 



27. The golf dub of dalm 21, wherein the actual sensors are generally filtered 
in filters and simplified In amplifiers before they form inputs to an INS filter. 

28. The golf club of claim 27, wherein said filter Is an extended ICalman filter, 
comprising a !;ensor model, a measurement noise model, a processor for 
dynamics anc a processor for noise model. 

29. The golf club «>r daim 28, using calibration data comprising offsets, scale 
factors and dl lections of sensitivity of physical sensors. 



30. The golf club of claim 29, wherein estimated output parameters, 

represented b y a vector matrix, are the orientations, angular velodtles, 
angular acoehisrations, positions, velocities, and accelerations respectively, 
which variabhiiS represent the time dependent results from the INS. 



31. The golf dub <:if claim 30, wherein three coordinate systems are used: a 
navigation sys.tem ( Oi^CfZ ), a dub system ( Qc^fcyz ) and a sensor 
system ( OgiXiy^i ). 

32. The golf club of daim 31, wherein navigation system defines a position of 
the dub an angle of the club head with respect to a ball. 

33. The golf club of daim 31, wherein said sensor is arranged In at least one of 
a handle, shaf : or head of said golf dub. 



34. The golf dub cf dalm 33, wherein when tradclng at the end of the shaft, a 
position is abctut ^10 mm, preferably within 5 mm throughout an entire 
swing. 



35. 



The golf dub of daim 33, wherein all angles at the end of the swing are 
within 2'', prefisrably within 0.5-l^ 
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36. The golf dub of dalm 33, wherein linear and angular velodties of the dub 
are within 2^ii, preferably within 1% of its maximum values. 

37. The golf dub of dalm 33, wherein when a system sample rate exceeds 
120 sampler sec, preferably 250 samples/second to resolve a final part of 
the motion. 

38* The golf dub of dalm 33, wherein when tradctng at the dub head the 
position is wi>:hin 10 mm, preferably within 2-5 mm. 



39. The golf dub df daim 33, wherein a loft/lie angle is within ±1**, preferably 
within ±0.5''. 

40. The golf dub i>f daim 33, wherein an operi/dose angle is resolved to within 
:kQ.S ^ preferably within ^0.1 

41. The golf dub of daim 33, wherein angular rates are, within about 2% 
preferably within 1% of their maximum values. 

42. The golf dub of dalm 33, wherein a linear velodty is within 1 mph, 
preferably O.S mph^ 



43. A method of analysing a movement in a sporting equipment comprising, 
the steps of collecting movement-parameters of said equipment by means 
of an Inertial i^avigation System (INS), by measuring a three-dimensional 
aoceieration, three-dimensional angular velodty and effect of attraction 
of gravity on !:iaid equipment. 

44. The method of claim 43, comprising further step of compensating for said 
effect of attratrtlon of gravity. 

45. The method o:' claim 43, wherein said equipment is a golf dub, comprising 
gyro sensors <find accelerometer sensors. 

46. The method or daim 45, comprising the steps of: 

prior to a swing initializing said INS by holding said dub substantially 
absolutely still in a well-defined position. 
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removlnt j ofTsets of said gyros in said dub by Iceeping them stilt, 
removinij offsets of the accelerometers by comparison to the known 
effect of gravity on each sensor, 

47, The method of cJaim 45, comprising the steps of: 

- ImmediaU::iy prior to a swing, aiming at a ball in a direction of a flag for 
the sensors to define a direction toward the flag. 

- continuousiiiy activating said sensors in a bade swing and measuring 
accelerations and rotational velocities. 

48. The method cf claim 47, comprising the step of measuring temperatures. 



49, The method o f daim 47, comprising the steps of: 

- collecting data unit the data is discrlticlzes, 

- performlnfi rudimentary signal processing, and 

- storing thci data in an Internal memory. 



50. The method o/ claim 49, wherein all stored data Is transferred to a 
computer unit, after a performed swing. 

51. A golf dub oornprislng, an arrangement for detecting movement* 
parameters, such as accelerauon and angular velocity of the golf dub, said 
arrangement comprising: 



• an Inertial Navigation System (INS), having a number of sensors for 
measuring a th ee-dimenslonal acceleration, a three-dimensional angular 
velocity and effisct of attraction of gravity on said sporting equipment, 

• communication arrangement for communicating with a computer unit (15) 
for receiving and storing relevant data and provided for calculating 
compensation f :>r said effect of attraction of gravity and quantifying the 
motion of said club, 

• at least one acc slerometer (11), temperature sensor (12)/ gyroscope (13), 
amplifiers and f i Iters, said accelerometer and gyroscope form a time 
dependent sensor inputs to said INS, 

• filters for filterirg signals from sensors and amplified In amplifiers (15a- I5c) 
before they fomi inputs to an INS filter, wherein at least one of said filters is 
an extended Kaiman filter, comprising a sensor model (21), a measurement 
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noisa model (22), a processor for dynamics (21) and a processor for noise 
model (24). 

52. The dub of claim SI, wlierein estimated output parameters, represented 
by a vector matrix (25), are the orientations, angular velocities, angular 
accelerations, positions, velocities, and accelerations respectively, which 
variables reptnesent the time dependent results from the INS. 
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ABSTRACT 



The present invention relates to en errano^ment in sporting equipment, for 
detecting movement- i:>arameters of said equipment. The arrangement comprises an 
Inertlal Navigation System (INS). The arrangement rurther comprises a number of 
sensors for measuring a three-dimensional acceleration, a three-dimensional 
angular velocity and e ffect of attraction of gravity on said equipment. 



(Fig. 4) 
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